® 



J 



Europilsches Patentamt 
European Patent Office 
Office europ4en des brevets 



0 Publication number 



0 238 089 

A2 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 87104091.1 
@ Date of filing: 20.03.87 



® Int Cl.^: HOI L 25/08 , H01 L 21/74 , 
H01L 21/312 



(§) Priority: 20.03.88 JP 62981/86 
20.05.86 JP 116470/86 

® Date of publication of application: 
23.09.87 Bulletin 87/39 

® Designated Contracting States: 
DEFRGB 



® Applicant FUJITSU UMITED 

1015, Kannikodanaka Nakahara*ku 
Kawasakl-shi Kanagawa 211(JP) 



® 



Inventor Kato, Takeshi Fu|ltsu Ltd. PatDep. 
Kosugl Fujitsu B. 1812-10 Shfmonumabe 
Nakahara-ku 

Kawasakl-sht Kanagawa 211(JP) 

Inventor: Taguchit Masao Fujitsu Ltd. PatDep. 

Kosugl Fujitsu B. 1812-10 Shinnonumabe 

Nakahara-ku 

Kawasaki-shI Kanagawa 211(JP) 



0 Representative: Qreenstreet, Cyril Henry et at 
Haseltine Uke & Ca HazKtt House 28 
Southampton Buildings Chancery Lane 
London WC2A lAT(QB) 



0 Three-dimensional Integrated circuit and manufacturing method therefor. 



0 The invention relates to a three-dimensional 10 
stacked on a base plate comprising a unit semicon- 
ductor IC, A, which has each constituent IC (2a, 2b) 
either on a surface or on both surfaces of a sub- 
strate (1). The unit semiconductor IC has a plurality 
of conducting posts (4). buried in and penetrating 
through the substrate (1) and insulated therefrom, 
and also interconnection tenninals (6, 7) on both 
sides of the substrate for connecting another unit 

a semiconductor IC or the base plate. By stacking 
plural unit iCs on the base plate, a very large-scale 
IC can be fabricated, each constituent IC is formed 
ggOn a bulk silicon substrate, so that excellent quality 
Qcan be obtained. The invention can also be used for 
the fabrication of ROM structure such as a PROM or 
^MASK ROM, using a single unit semiconductor IC, 
^wherein a wiring for the ROM can be formed on a 
^bottom surface of the substrate. 
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Three-dimensional Integrated circuit and manufacturing method therefor. 



This Invention relates to a three-dimensional 
semiconductor IC (integrated circuit) and a method 
of manufacturing it More particularly, the three- 
dimensional semiconductor IC of the present Inven* 
tion comprises a unit semiconductor IC (hereinafter 
"unit IC) In which each constituent IC is a^anged 
eitiier on a sur^ce or on both surfaces of a suth 
strate. The unit IC has a plurality of conducting 
posts buried in and penetrating througii the sub- 
strate, and insulated therefrom, and ft has also 
interconnection terminals for connecting another 
unit IC on botii sides of tiie substrate. By stacking 
unit semiconductor iCs on a base plate a very 
large-scale IC can be manufactured. A single unit 
semiconductor IC structure according to tiie 
present invention can also be used for a PROM or 
a MASK ROM. 

Conventional ICs are formed on a surface of a 
silicon substrate and Integration Is mainly in- 
creased by enlarging the chip area and/or by mak- 
ing each individual element small and the wiring 
fine, resulting in a higher integration density. This 
two-dimensional method has limitations in wafer 
process technology, and so anotiier approach, tiiat 
of developing a tiiree-dimensional IC structure is 
progressing. 

The tiiree-dimensional IC technology under de- 
velopment is mainly concentrated on SOI (Silicon 
On Insulator) technology. As an example of SOI 
technology, an insulating film is grown on a main 
substrate by a CVO (Chemical Vapour Deposition) 
or themnal oxidation metiiod and ttien a.polyslllcon 
layer is deposited ttiereon by CVD. The polysilicon 
iayer is laser-annealed, resulting In recrystaliization 
tiiereof. and single crystal regions are fbrnned lo- 
cally on which upper semiconductor elements are 
formed. 

A problem witii tills metiiod is ttiat a high 
quality silicon crystal having very few grain bound- 
aries cannot be grown witti good reproducibility, 
and consequentiy ttie yield in the production of 
three-dimensional ICs having a multilayer SOI 
structure is very low. 

Another method making a tiiree-dimensional IC 
in tiie prior art has been disclosed by M. Yasumoto 
and et al. in tiie report "Promising New Fabrication 
Process Developed for Stacked LSI's". lEDM, 
1984. pp. 816-819. 

In this metiiod. which is illustrated generally in 
Bg. 1. two separate IC chips 201 and 201' are 
provided, respectively having contact pads or ter- 
minals 202. 202^ on a surface of a substrate on 
which the IC (201. 201^) is formed. Two chips are 
assembled as a single stacked tiiree-dimensional 
IC by turning over IC chip 201'. stacking it on chip 



201 , and sticking tiie ICs togetiier using tiie contact 
pads or terminals (202, 202^. In tiie Rgure. regions 
203 and 203' show a constituent IC for each IC 
chip. The two IC chips are bonded togetiier witii an 

5 aid of insulating and adhesive layers 204 and 204'. 
This metiiod Is only available for the case in which 
two chips are stacked together. 

It Is desirable to achieve a high integration rate 
utilizing a stacked construction of unit semiconduc- 

10 tor ICs. 

It is furtiier desirable to obtain good quality, 
high reliability and a good production yield. 

It is still furtiier desirable to apply present 
technology to fabricate a ROM, such as a PROM or 

IS a MASK ROM and simplify production steps, and 
especially to reduce tiie time to complete the man- 
ufacture of a MASK ROM after receiving logic 
information therefor. 

In an embodiment of tiie present invention 

20 tiiese desiderata can be achieved by utilizing a unit 
IC wherein a constituent IC Is fonned on a surface 
or on botti surfaces of a silicon substrate, and 
electrical conducting posts are formed, penetrating 
the substrate, insulated therefrom, and connecting 

2S specified points of botii surfaces. Moreover inter- 
connection terminals are fonned for botii sides of 
tiie substrate, which are brought out on a surface 
of an insulating layer tiiat covers tiie constituent 
ICs except for tiie unit IC used at tiie top of a 

30 stacked tiiree dimenskmal IC. 

The construction of a tiiree-dimensional IC em- 
bodying the present invention is shown generally in 
Crtjss-section in Rgs. 2(a) and 2(b). In tiiis con- 
stiuction a plurality of unit ICs shown as A is used 

35 and are stacked to form a completed three-dimen- 
sional IC of the stacked construction shown as B, 
having large-scale integration and a tiiree-stage 
stacked construction. 

In Rg. 2(a), a single constituent IC 2 is fbnmed 

40 on a first surfiace of a substrate 1 of unit IC A. and 
in Fig. 2(b), constituent ICs 2a and 2b are fomied 
on both surfaces of the substrate 1. Conducting 
posts 4 are provkjed, penetrating tiie substrate and 
insulated tiiereffrom Ijy an insulating film 3. The 

45 conducting posts 4 are connected to wirings 
fonned in a constituent iC (2. 2a, 2b), and in Rg. 2- 
(a) tiiey are connected to wiring 8 on tiie second 
surface. Each constituent IC otiier tiian a unit IC at 
tiie top or tiie bottom position of ttie stacked tiiree- 

50 dimensional IC has Interconnection terminals 6 or 
7. Each unit IC is covered with Insulating layers 5, 
which also serve to bond two unit ICs togetiier, and 
Interconnection terminals 6 and 7 serve to connect 
two unit ICs electically. 
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Each constituent IC (2, 2a, 2b) is formed on a 
silicon substrate of single bulk crystal structure, so 
that the characteristics of the constituent ICs are 
easy to control and a screening test for the unit ICs 
is also easy to perform. Hence this construction 
results in a good yield of stacked three-dimensional 
ICs. 

The unit IC concept of the present invention Is 
easily applied to PROM or MASK ROM fabrication, 
using single unit tCs. In the case of MASK ROMs, 
word lines and other active elements suth as tran- 
sistors are formed on a first surface of the sub- 
strate and bit lines are separately formed on a 
second surface of the substrate. This MASK ROM 
structure facilitates modification of written logic in- 
fomnation when a change of a logic information Is 
required, because each logic is fomned on the 
second surface of the ROM structure and is easy 
to change. In the case of PROMs, wirings to a 
power source are conventionally formed on the 
same surface of the substrate as the memory ele- 
ment However, in using the present invention wir- 
ings can be formed on the second surface of the 
substrate, thereby increasing the integration den- 
sity and reliability of the PROM. 

The invention will now be described in more 
detail, by way of example, with reference to the 
accompanying drawings, in which: 

Rg. 1 is a simplified cross-sectional view of 
a two-stage stacked three-dimensional IC of the 
prior art, 

Rgs. 2(a) and 2(b) are simplified cross-sec- 
tional views of three-stage stacked three-dimen- 
sional ICs according to the present invention, 
wherein Rg. 2(a) shows a case in which a constitu- 
ent IC is formed on a first surface of a substrate, 
and Rg. 2(b) a case in which constituent ICs are 
formed on both surfaces of a substrate; 

Rg. 3 shows a cross-sectional view of an 
embodiment of the present invention, wherein two 
unit ICs are stacked, each having a constituent IC 
on both surfaces of tiie substrate; 

Rgs. 4(a) to 4(1) show cross-sectional views 
at successive steps in the process of manufactur- 
ing the stacked three-dimensional IC shown In Rg. 
3; 

Rgs. 5(a) to 5(c) show cross-sectional views 
of a partial structure illustrating successive steps of 
an improved method of forming a contacting por- 
tion of a wiring on a conducting post; 

Rgs. 6(a) and 6(b) show a plan view and a 
cross-sectional view respectively of a PROM struc- 
ture according to the present invention; 

Rg. 7(a) shows a circuit diagram of a MASK 
ROM, and Rgs. 7(b) and 7(c) show partial cross- 
sectional views of a structure of a MASK ROM 
according to tiie present invention; 



Rgs. 8(a) to 8(c) show cross-sectional views 
at successive steps of anotiier metiiod of fbmiing a 
conducting post; and 

Rgs. 9(a) and 9(b) show cross-sectional 
5 views of anotiier embodiment of tiie present Inven- 
tion. 



RRST EMBODIMENTS OF THE INVENTION 

10 

A first embodiment of tiie Invention will be 
described with reference to Rg. 3, which corre- 
sponds to the general cross-sectional view of Rg. 
2(b). but has a two-stage stacked construction. As 

IS shown in Rg. 3, a unit IC A, is stacked on a base 
plate 46 made of material such as ceramic, and a 
second unit IC As is stacked and fixed thereon. If 
tiie elements on the second surface are omitted in 
Rg. 3, tiie resulting structure conresponds to a 

20 structure shown In Rg. 2(a). 

The first unit IC A, comprises a first constituent 
IC, including an n-channel MOS transistor Tn. ori 
tiie first surface of a p-type silicon substrate 1 . and 
a second constituent IC, including an n-channel 

25 transistor T,2, on the second surface of the sub- 
strate. On botii surfaces of the substrate, insulating 
layers 26, 41 of silicon dioxide, and wiring layers 
27, 42, 44 of n*-type polysilicon are fornned. Con- 
ducting posts 4a, 4b of n^-type polysilicon are 

30 formed, penetrating tiie p-type silicon substrate 1 
and being Insulated from tiie substrate 1 by an 
Insulating film 3 of silicon dioxide (SiOt). They also 
form connections between wiring layers 27 and 42, 
and between layers 28 and 44. 

36 Rrst insulating cover layers 29 (29a, 29b) are 
formed on tiie first surface of tiie wiring layers 27, 
28 and tiie insulating layers 26, and second insulat- 
ing cover layer 45 is fomried on tiie second surface 
of wiring layers 42, 44 and Insulating layer 41 . The 

40 first insulating cover layer 29 consists of an Inner 
Insulating layer 29a of silicon oxide and an outer 
insulating layer 29b. As tiie material of insulating 
layers 29b and 45, thermosetting silicon resin is 
used, as is explained later. Interconnection term!- 

45 nais 6 (6a, 6b) and 7 (7a, 7b). for which ttier- 
mocompression bonding is applied, are brought out 
through tiie Insulating cover layers 29, 46. The first 
unit IC A1 is fixed to the base plate 46 using 
Interconnection terminals 7 (7a, 7b) and tiiermoset- 

50 ting silicon resin 45. 

The second unit IC A2 has almost tiie same 
construction as tiie first unit IC A1 except that it 
has no interconnection terminals 6 (6a, 6b) or outer 
Insulating layer 29b, because It is used as tiie top 

55 unit of the stacked IC. Unit IC A2 Is placed on tiie 
first unit IC A1 with its interconnection tenminals 7 • 
(7a, 7b) aligned witii terminals 6 (6a, 6b), and 
bonded by tiiermocompression so that the two unit 
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ICs are connected electrically. As the niaterial of 
the second insulating cover layer 45 and the outer 
insulating layer 29b of a unit IC, thermosetting 
resin PMSS is used. Because it becomes fluid 
when heated up to a temperature of 350 to 400*0 
and subsequently becomes solid on themnal cur- 
ing, this is a suitable matedal to bond two unit ICs, 
making its surface as flat as possible. 

The detailed processes of manufacturing the 
first embodiment shown in Rg. 3 will now be ex- 
plained: a cross-sectional view corresponding to 
each successive step is shown in Rgs. 4(a) to 4(1) 
inclusive. 

The same or similar reference numerals des- 
ignate same or conresponding parts throughout the 
drawings. 



(i)Rg-4(a) 

Before proceeding to form a conducting post a 
channel stopper and a field oxide layer are formed 
on the first surface of substrate 1 by a conventional 
method. For simplicity these processes are omitted 
in the description and in tiie Rgures. 

A plurality of holes 21 (21a, 21b) having dimen- 
sions such as 2 to 4 urn in diameter and about 10 
um in deptii are formed in the first surface of tiie 
p-type silicon substrate 1 by an ion-milling or a 
reactive ion-etching (RIA) metiiod. Next an insuiat- 
ing film 3 such as silicon dioxide (SiOa) 5000 
Angstroms (500 nm) in thicimess is grown on tiie 
first surface of tiie substrate 1, Including tiie inner 
walls of tiie holes 21 (21a, 21b), by a tiiemnal 
oxidation or chemical vapour deposition (CM)) 
method. Next, n'^'-type polysiilcon 104 Is grown on 
an entire surface of tiie substrate, completely filling 
up tiie holes 21 (21a, 21b). 



(2) Rg. 4(b) 

Next, the sut>strate surface Is subjected to iso- 
tropic dry etching whereby the polysllicon layer 
104 aix)ve the sut)Strate 1 is etched back and 
removed from ttie substrate. Furtfier, the insulating 
film of SiO, on tiie substrate is removed by a 
conventional plasma etching or tire like metiiod, 
leaving conducting posts 4(4a, 4b) of n*-type poly- 
silicon, insulated from the substrate 1 by tiie in- 
sulating film 3. 



(3) Rg.4(c) 

A gate oxide film 22 is then grown and a 
polysiilcon layer deposited by the CVD metiiod. A 

5 gate electrode 23 is fonmed by an RE (Reactive 
ton Etching) metiiod and tiiereafter an n+-source 
region 24 and an n^-drain region 25 are formed by 
a conventional MOS process, and finally an MOS 
transistor Th and ottier elements such as resistors 

10 and capacitors (not shown in tiie Rgure) are also 
formed. 

An insulating layer 26 of SiO, having a ttiick- 
ness of 5000 Angsb^s (500 nm) is deposited on 
an entire surface of the substrate. 

75 

(4) Rg.4(d) 

Next, contact windows are formed in tiie in- 

20 sulating layer 26 and an n'i'-type polysllicon layer is 
deposited by a CVD metiiod above tiie substrate. 
The polysiilcon layer is patterned by conventional 
photolitiiography technology. As a consequence a 
source wiring 27 and a drain wiring (not shown in 

25 the Rgure) and otiier necessary wiring 28 are 
formed. In tills process, source wiring 27 and ottier 
wiring 28 make contact witii tiie upper portions of 
tiie conducting posts 4 (4a, 4b) respectively 
tiirpugh contact windows 55 formed in tiie insulat- 

30 ing layer 26. 

Next, an inner insulating layer 29a (passivation 
layer such as silicon oxide, silicon nitride or 
Phospho-SiHcate Glass) having a tiiickness of 5000 
Angstroms ^00 nm) is formed by a CVD metiiod, 

35 and then an outer insulating layer 29b (PMSS lay- 
er) is coated on an entire surface of tiie substrate 
by a spin coating or dip coating metiiod. Insulating 
layers 29a and 29b form a first insulating cover 
layer 29. 

40 PMSS is one kind of tiienmosetting resin and is 
an abbreviation for Silylated Polymetiiylsilsesquiox- 
ane. PMSS is a suitable resin material for coating a 
surtee requiring a heatresistance after curing, and 
It has a molecular weight of 30000 to 40000 and a 

45 curing temperature of 350 to 400 ""C. Because 
PMSS becomes flukl when heated up to tiie curing 
temperature, it is suitable for obtaining a flat sur- 
face. PMSS is disclosed in Japan Patent 
Tokukaisho 61-29153 by S. Fukuyama et al. on 

50 February 10, 1986. 



(5)Rg.4{e) 

55 The substrate spin-coated witii PMSS is heated 
in an atmosphere at lOO^'C, resutting in evaporation 
of tiie solvent from tiie outer insulating layer 29b of 
PMSS. Subsequentiy tiie substrate is heated up to 
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350 to 4O0''C to cure the PMSS. An aluminium 
layer 30 of 2000 Angstroms (200 nm) thickness Is 
then deposited on the outer Insulating layer 29b, 
and then portions of the aluminium layer corre- 
sponding to the holes 31 (31a, 31b) are removed 
by a conventional photolithography technique. The 
hole portions 31 are subject first to a process of 
dry etching by an oxygen plasma and next to an 
RIE using a gas such as CMFs. the aluminium layer 
30 acts as an etching mask, and then holes 32 - 
(32a, 32b) are formed in the first insulating cover 
layer 29 (29a and 2gb). and surface portions of 
polysilicon wirings 27 and 28 are exposed. 



(6) Fig. 4(f) 

Next, a metai layer such as aluminium 106 Is 
deposited on an entire surface to a thickness a little 
greater than or almost equal to the total thickness 
of the first insulating cover layer 29 (29a, 29b). 
New holes 33 are thereby formed in the aluminium 
layer 106 con^espondlng to holes 32 (32a, 32b) 
formed in the previous step (5), Thereafter the 
holes 33 are buried by resist material 34 by spin 
coating and excess resist material Is subsequently 
removed by back etching. Although aluminium may 
be applicable for thermocompression bonding, It Is 
preferable to deposit a gold layer on the aluminium 
layer 106. 



(7) Fig. 4(g) 

Next, the aluminium layer 106 on the substrate 
is selectively removed using the resist 34 buried in 
the holes 33 as a mask, and thereafter the remain- 
ing resist 34 Is removed. As a result, Interconnec- 
tion terminals 6 (6a, 6b) of aluminium (preferably 
covered with gold) are formed, and these intercon- 
nection terminals 8, buried In the first insulating 
cover layer 29 and contacting the source wiring 27 
and other wiring 28, are used for thermocompres- 
sion bonding. 



(8) Rg. 4(h) 

Next, a support plate 36 of quartz or the like 
material is glued to the first surface of the sub- 
strate, using a layer 35 of thennoplastic resin such 
as polyoxybenzylene. Potyoxybenzylene has the 
property of softening above a temperature of about 
450<*C. The second (bottom) surface of the sub- 
strate is ground until the lower portions of the 
conducting posts 4 (4a, 4b) are exposed, and then 
etched chemicaliy and mechanically until the sur- 



face is polished to a smooth mirror finish. Con- 
sequently the thickness of the silicon substrate 1 is 
reduced to about 5 to 7 urn. 

(9)Rg- 4(1) 

Next, active elements and other elements are 
formed on the second surface of the substrate 1. 

70 All these processes are canried out with the help of 
the support plate 36 attached to the substrate 1. 
because the substrate is too thin and weak. 

During these processes, the temperature of the 
thermoplastic resin layer 35 of polyoxybenzylene is 

Y5 maintained sufficiently below its defonning tem- 
perature of 450° C so that its adhesive strength will 
not deteriorate. Therefore It Is preferable to cool 
the surface of the support plate 36 to avoid as 
much as possible an excessive rise of the sub- 

20 strata temperature. Furthemiore, the CVD process, 
the activation process for impurity ion implanted 
region ar^d the like are canned out by In^diation 
with a laser beam with a short duration pulse 
repetition. 

26 An SiOa layer is grown by a CVD method using 
a monosilane (SiH4) and oxygen gas mixture at a 
reduced pressure of 100 Ton* (1.33 « 10* Pa), 
during which the second (bottom) surface of the 
substrate 1 is heated up to 400 to 500'C by a laser 

30 beam radiation. Then a field oxide layer (not shown 
In the Rgure) is formed on the second surface: the 
field oxide layer is removed for an active region 
and a gate oxide film 37 of Sid is again formed on 
ttie surface: and next an n* polysilicon layer 38 Is 

35 grown thereon by a CVD method using a mon- 
osilane (SIHO and phosphine (PH,) gas mixture at a 
reduced pressure of 100 Ton- (1.33 * 10* Pa) 
raising the second substrate surface temperature to 
600 to eSO^'C by laser beams. The second surface 

40 Is patterned by a conventional lithography tech- 
nique to fomn the gate oxide film 37 and the 
second gate electrode 38. Then arsenic (As) ions 
are implanted selectively and tiie ion implanted 
regions are laser annealed up to 850 to OOO'^C, so 

46 ttiat n'*^-type source region 39 and drain region 40 
are formed. Other elements are also fomned In this 
step, but details are omitted. 



50 (10)Rg.4(|) 

A silicon oxide layer 41 5000 Angstroms (500 
nm) tiiick is next formed by tiie same method as In 
step (9), contact holes are fomned conresponding to 
55 source region 39 including tiie bottom end portion 
of the conducting post 4a, the drain region 40, and 
tiie bottom end portion of the conducting post 4b. 
The n^ polysilicon layer of 5000 Angstroms (500 
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nm) thickness is deposited and patterned In the 
same way as that on the first surface, forming the 
wirings such as source wiring 42 contacting both 
source region 39 and conducting post 4a. drain 
wiring 43 contacting drain region 40. and other 
wiring contacting conducting post 4b are formed. 



(11)Rg.4(lc) 

Next, a second insulating cover layer 45 of 
PMSS of thickness lum is formed by a spin coat- 
ing method on an entire second (bottom) surface of 
the substrate, and Is dried at a temperature of 
100*C to evaporate solvent Thereafter, applying 
the same processes as in steps 5 to 7. an intercon- 
nection terminal 7a of aluminium material contact- 
ing second soun:» wiring 42, and also an intercon- 
nection tenminal 7b contacting second other wiring 
44 are formed. 

The substrate is then subjected to laser scrib- 
ing from the second (bottom) surface, whereby the 
substrate is scribed into the thenmoplastic resin 
layer 35. This completes the wafer processes for 
the unit IC A. 

A unit IC of a different design or construction is 
fabricated separately in tiie same way. When the 
unit IC A is used as the top unit of a stacked tiiree- 
dimensional IC it is unnecessary to fbmn an outer 
insulating layer 29b or interconnection terminals 6 - 
(6a, 6b), and they are tiierefore omitted. 

After the wafer processes have been com- 
pleted as far as this step, each chip is tested 
electrically using the IntBrconnection terminals 7 - 
(7a. 7b) as test tenminals and rejects are sorted 
out 



(12) Fig. 4(1) 

Unit ICs A1, A2. etc.. are stacked one by one 
to form muitiunit ICs and to fbrm a single stacked 
large-scale tiiree-dimensional IC. 

A base plate 46 made of insulating material 
such as a ceramic, on which wirings are fonmed, is 
heated to a temperature of about 350 to 400''C, 
and a single unit IC A1 formed on a wafer and 
fixed on tiie support plate 36, is selected and is 
also heated to ttie same temperature, and is tiien 
pressed down on the base plate 46 so that each 
interconnection terminal 7 {7a. 7b) coinckles witti a 
proper respective position of tiie wiring 47 on tiie 
base plate 46, and is bonded ttiereto by tfiermai 
compression. The second insulating cover layer 45 
of PMSS covering the second surface of tiie unit IC 
A1 first becomes fluid at 350 to 400"C and tiiere- 
after hardens as curing proceeds. Consequentiy, 
ttie unit IC A1 is finmly fixed to tiie base plate 46. 



IDuring tiie above process, it is preferable to 
cool tiie opposite (first) surface of tiie substrate to 
avoid damage to tiie tiiermoplastic resin layer 35. 
When the substrate is completely fixed to tiie 

5 base plate 46, the outside surface of the support 
plate 36 of tiie unit IC A1 is heated to a tempera- 
ture above 450'C by lamp or laser radiation to 
soften tiie tiiermoplastic resin layer 35. A chip of 
the unit iC A1 is separated from support plate 36. 

10 because a wafer forming unit ICs A1 is laser- 
scribed around each chip periphery to a depth 
reaching to the layer 35. 

Any remaining thermoplastic resin layer on the 
surface of tiie unit IC Is then removed by oxygen 

75 gas plasma etching. 



(13) Ref. Rg. 3 

20 Anottier unit IC A2 is ttien stacked on tiie 
above-described unit IC A1. The unit IC A2 may 
have a different design, be separately fabricated 
and be fixed to anottier support plate 36, or if the 
same unit IC A1 is stacked on tiie above-described 

25 unit IC A1 , anotiier chip of unit IC A1 fomied on tiie 
same wafer used in step (12) can be utilized. 

The unit IC A2 is piaced and compressed on to 
tiie first unit IC A1 at a temperature of 350 to 
400»C, wHh tiie Interconnection terminals 7a and 

30 7b Of A2 being aligned predsely wrtii tfiose (6a, 
6b) of A1. By compressing tiie second insulating 
cover layer 45 of unit IC A2 on tiie outer Insulating 
layer 29b of unit iC A1 at an elevated temperature, 
softening and subsequent curing of PMSS layer 45 

35 proceeds until finally unit A2 is stacked and fimfy 
fixed on unit A1. 

In f^g. 3. PMSS layer 29b and interconnection 
terminals 6 (6a, 6b) for unit A2 are not provided, 
because it is used as a top unit IC. Therefore 

40 tiiermoplastic resin 35 for unit IC A2 (not shown in 
the Rgure) is directiy coated on first insulating 
layer 29a of unit IC A2 and glued to support plate 
36. 

During the above stacking process of two unit 
45 ICs, tiie first surface of unit IC A2 Is cooled In tiie 
same way as in step (12) to avoid softening tiie 
tiienmoplastic resin 35. 

Rnally tiie support plate 36 (not shown in tiie 
Rgure) for unit IC A2 is taken away in tiie same 
50 way as described in step (12). 



SECOND EMBODIMENT OF THE INVENTION 

55 When the present Invention is used to fomn a 
stacked ttiree-dimensional IC as shown in Rg. 2(a), 
wherein only tiie first surface Is utilized to fbrm a 
constituent IC. step (9) in tiie first embodiment 
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wherein active elements are formed on both first 
and second surfaces of the substrate is omitted. A 
further general cross-sectional view is shown in 
Rg. 9(a), where the same reference numerals des- 
ignate the same or similar parts. 

After step (8) In the first embodiment, the fol- 
lowing modified step (10') is substituted for step - 
(10). and then step (11) follows, and the other 
processes are almost the same as in the first 
embodiment 

Step (10'): A silicon oxide or silicon nitride 
layer 41 of 5000 Angstroms (500 nm) thickness is 
fomied on the second surface by a CVD method 
using a monosiiane and oxygen gas mixture at a 
reduced pressure of 100 Torr (1.33 " 10^ Pa), and 
contact holes are fonned corresponding to bottom 
portions of the conducting posts 4 (4a, 4b). The n* 
polyslllcon layer 42 of 5000 Angstroms (500 nm) 
thickness is deposited and patterned, forming wir* 
Ings 42. 43. 44, etc.. in a way similar to that shown 
In Rg. 4(i). The fonnation of contact pads 150 
instead of forming wirings is shown In Rg. 9(b). 



THIRD EMBODIMENT OF THE INVENTION 

When the conducting posts 4 (4a, 4b) are fine, 
the position of the contact window 55 In Rg. 4(d) 
tends to deviate from that of the conducting posts 
4. so that the wiring layers 27 and 28 can easily 
make a short circuit with the substrate 1. To avoid 
such a short circuit, a depression may be formed 
on the surface of substrate 1 surrounding the end 
portion of the conducting post and filled with 
PMSS. The details are explained with reference to 
Rgs. 5(a) to 5(c). 



(3-1) Rg. 5(a) 

A resist layer 52 Is formed on the substrate 1, 
and Is pattemed such that an annular region 51 
surrounding the top end portion of the conducting 
post 4 is exposed. The substrate is subjected to a 
wet etching process forming a ring-shaped grooved 
depression 53 having a width 2 um and a depth 1 
um and surrounding the conducting post 4 and the 
silicon oxide layer 3. 



(3-2) Rg. 5(b) 

The above resist layer 52 is then removed and 
an insulating material 54 such as PMSS Is filled 
into the depression 53 by a splrhcoating method. 



(3-3) Rg. 5(c) 

An insulating layer 26 of silicon oxide is then 
fomned on the substrate, a contact window 55 is 
5 formed therein and than polystlicon wiring 27 is 
formed thereon. 

When this method is used a wide region of the 
substrate surface around the conducting post is 
exposed in the insulating layer 26 but insulated 
10 from the substrate, so that a short circuit between 
the wiring 27 and the substrate can be avoided. 

Furthermore, whan the etching to fonm the con- 
tact window 51 in step (3-1) is carried out in 
excess, a top portion of the conducting post 56 is 
15 left Jutting out into the wiring layer 55. The quality 
of the contact between the conducting post 4 and 
the wiring 27 is then improved. 

The method above described may also be ap- 
plied to the second surface of the substrate in a 
20 similar way. 



FOURTH EMBODIMENT OF THE INVENTION - 
(PROM APPUCATION) 

25 

The present invention may be applied to the 
manufacture of PROMs (Programmable Read Only 
Memory), wherein digit infonnation Is recorded by 
an electrical breakdown of the insulating layer. 

30 Rgs. 6(a) and 6(b) show a plan view and a cross- 
sectional view respectively of a single memory cell 
region of a PROM. 

in a programming procedure, a bit line 17 is 
driven to a voltage high enough to break down 

35 against the active region 14a of an FET, which Is 
driven by a gate electrode connected to a word line 
15. The cell element 16, including a thin insulating 
film or a polyslllcon film of a thickness of 100 
Angstroms (10 nm). then becomes conductive ei- 

40 ther because of a breakdown therebetween, or 
when a polyslllcon film is used, heat Is generated 
during the programming procedure due to the elec- 
tric cunrent. and impurities are diffused into the 
polyslllcon layer and a conductivity thereof is In- 

45 creased. 

The pulse current necessary for the program- 
ming is controlled and limited by a resistance con- 
nected to the power source. In the prior art, wiring 
to the power source is fonmed on the surface of the 

50 substrate on which active elements are fonned. 
and is fbnnned at the same time as the source/drain 
regions 14a and 14b are formed. Therefore its high 
resistance restricts the amount of pulse current To 
overcome this, supplementary metal layer wiring is 

55 needed to be fonmed to reduce the wiring resis- 
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tance to the power source. However, this method 
cannot satisfy the most suitable lay-out conditions 
of a device design, and it also reduces the integra- 
tion density. 

As shown in Rg. 6{b), a wiring 11 is formed on 
tiie second surface of the substrate, and a conduct- 
ing post 12 is connected therewith, so tiiat it is 
very easy to obtain a low resistance wiring to tiie 
power source. 

The Integration density of ROM anray Is In- 
creased, and programming procedure is easy and 
sure, and the reliability will be increased. 



RFTH EMBODIMENT OF THE INVENTION (MASK 
ROM APPLICATION) 

This embodiment of the present invention re- 
lates to a MASK ROM, which is disclosed using 
Rgs. 7(a) through 7(c). Rg. 7(a) shows a circuit 
diagram, and Rgs. 7(b) and 7(c) show cross-sec- 
tional views of the substrate for a logic of "1 " and 
"0" respectively. 

In Rg. 7(a). BL denotes a bit line and WL, a 
word line. M, and Mj are memory cell transistors, 
the source/drain region of M, being connected to 
tiie bit line while tiiat of M, Is not connected 
thereto. Therefore the condition of M, represents 
ttie logic "1" and M,. "0". 

In Rg. 7(b), tiie source/drain 14a of transistor 
Ml is connected to conducting post 4 insulated 
from tiie substrate 1 by an insulating film 3. Con- 
ducting post 4 is connected to a bit fine BL fbmned 
on the second sur^tce of tiie substrate 1 and 
insulated tiierefirom by an Insulating layer 18. 

On tiie contrary, in Rg. 7(c) tiie second surface 
of conducting post 4 is covered with tiie insulating 
layer 18. so that tiie source/drain is not connected 
to tiie bit line BL 

According to the present invention, the mem- 
ory pattern of a MASK ROM is determined by a 
mask pattern used In a process of making contact 
holes in ttie insulating layer 18. Because tills mask 
pattern is applied to tiie second surfoce of tite 
substrate tiie substrate can be processed sepa- 
rately from tiie first surface of tiie substrate, and 
hence active elements such as transistors and oth- 
er elements can be formed tiiereon beforehand. 
This is quite effective in shortening production time 
after receiving logic infomnation for tiie MASK 
ROM. 



SDCTH EMBODIMENT OF THE INVENTION 

In the first embodiment, tiie conducting posts 
are fomned before ttie processes of fomiing tiie 

5 active elements and otiier elements on tiie first 
surface of the substrate. However, tiie conducting 
posts can be formed after tiie fabrication of tiie 
active elements and ottier elements. The processes 
are explained using Rgs. 8(a) to 8(c). 

10 ^ In Rg. 8(a). a MOS FET is formed having a 
gate electrode 123, a source region 124. and a 
drain region 125. On an SiOs layer 128 a wiring 
layer 127 is formed, which has connections to 
source/drain regions 124. 125. A passivation layer 

75 129. e.g. a PSG layer, covers the entire surface, 
and for tiie passivation layer 129 contact holes 130 
and 131 are formed by a conventional lithography 
metiiod. Contact hole 131 Is fomned just on ttie 
subsequent forming position of ttie conducting 

20 post. 

Next as shown in Rg. 8(b), a resist layer 132 
is coated on the entire surface, and a hole 133 is 
fonmed aligned wltti contact hole 131. Then tiie 
substrate is subjected to reactive ion etching or a 

25 laser wet etching, resulting in forming a hole 134 
penetrating tiie subst^e. Then tiie Inside of ttie 
hole is oxidized fomiing an SIOs layer 135, and ttie 
resist layer 132 is removed. 

Next as shown in Rg. 8(c). a conducting ma- 

30 terial 140 such as polysilicon or metal is grown on 
ttie surface, filling up ttie hole 134. The surface 
layer 14(r of conducting material 140 Is patterned 
to form a wiring layer which contacts ttie lower 
wiring 127 tiirough contact hole 130. An insulating 

35 layer 141 such as a PMSS layer is applied and an 
interconnection temiinal 142 is formed in the same 
way as explained in steps 4 to 7 of the first 
embodiment 

The invention relates to a ttiree-dlmensional IC 

40 Stacked on a base plate comprising a unit semicon- 
ductor IC, A, which has each constituent IC (2a, 
2b) eitiier on a surface or on botii suriiaces of a 
substrate (1). The unit semiconductor IC has a 
plurality of conducting posts (4), buried in and 

45 penetrating tiirough tiie substrate (1) and Insulated 
therefrom, and also interconnection tenminals (6, 7) 
on botti sides of the substrate for connecting an- 
otiier unit semiconductor IC or ttie base plate. By 
stacking plural unit ICs on ttie base plate, a very 

60 large-scale IC can be fabricated, each constituent 
IC is fomied on a bulk silicon substrate, so that 
excellent quality can be obtained. The invention 
can also be used for ttie fabrication of ROM struc- 
ture such as a PROM or MASK ROM. using a 

55 single unit semiconductor IC, wherein a wiring for 
the ROM can be formed on a bottom surface of the 
substrate. 
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Claims 

1. A semiconductor integrated circuit compris- 
ing: 

a plurality of unit semiconductor Integrated circuits 
stacked together, said unit semiconductor Integrat- 
ed circuit comprising: 

a constituent integrated circuit at least on a first 
side of a substrate. 

a conducting post penetrating said substrate 
and Insulated therefrom. 

wiring connected to an end portion of said 
conducting post, formed on one or both sides of 
said substrate, said wiring formed on said constitu- 
ent Integrated circuit being selectively connected to 
said constituent Integrated circuit; 
an Insulating layer bonding two said adjacent unit 
semiconductor integrated circuits, and covering a 
surface thereof; 

an Interconnection terminal connecting two said 
adjacent unit semiconductor integrated circuits, be- 
ing formed on said wiring and buried in said in- 
sulating layer. 

2. A semiconductor Integrated circuit according 
to claim 1, wherein said unit semiconductor in- 
tegrated circuit comprises said constituent inte* 
grated circuit and said wiring on botii sides of ttie 
substrate. 

3. A semiconductor integrated circuit according 
to claim 1 or 2, wherein said insulating layer is 
formed of ttiermosetting resin. 

4. A semiconductor integrated circuit according 
to claim 3, wherein said tiiermosetting resin Is 
Sllylated Polymethylsilsesquloxane (PMSS). 

5. A semiconductor Integrated circuit compris- 
ing: 

a constituent Integrated circuit on a first side of a 
substrate; 

a conducting post peneti'ating said substrate, 
being insulated therefrom, an end portion of said 
conducting post being selectively connected to 
said constituent integrated circuit; 

a wiring formed on a second side of said 
substirate, selectively connected to anotiier end 
portion of said conducting post 

6. A semiconductor Integrated circuit according 
to claim 5. wherein said semiconductor integrated 
circuit fomns a PROM staicture and said wiring 
fonfDs a power source wiring thereof. 

7. A semiconductor integrated circuit according 
to claim 5, wherein said semiconductor integrated 
circuit forms a MASK ROM structure and said 
wiring forms a bit line of said MASK ROM. where- 
by a bit infonriation is written by whether said bit 
line is connected to said conducting post or not 

8. A semiconductor Integrated circuit according 
to any preceding cfaim, wherein a depression is 
formed in the substrate, surrounding an end portion 



of a conducting post, and an insulating layer is 
buried in said depression and said wiring is formed 
on said buried insulating layer and tiie end portion 
of the conducting post 

5 9. A method of manufacturing a semiconductor 
Integrated circuit comprising a plurality of unit 
semiconductor integrated circuits stacked together, 
wherein two said unit semiconductor integrated cir- 
cuits are connected by an interconnection terminal 

10 and bonded by an Insulating layer, wherein said 
method comprises a method of manufacturing a 
unit semiconductor integrated circuit, comprising 
the steps of: 

(a) forming a plurality of holes in a substrate 
75 from a first surface thereof, and growing an insulat- 
ing film inside said holes and burying a conductive 
material therein, forming a conducting post; 

(b) fonmlng a constituent Integrated circuit on 
a first side of said substirate and wiring thereon 

20 connected selectively to an end portion of said 
conducting post; 

(c) coating a first insulating layer on said 
constituent integrated circuit and selectively for- 
ming a contact hole in said first insulating layer 

25 exposing a part of said wiring and an end portion of 
said conducting post, and burying conductive ma- 
terial in said contact hole fonning a first Intercon- 
nection tenminai except In a case when said unit 
semiconductor integrated circuit is to be used at an 

30 end position of tiie stack of unit semiconductor 
integrated circuits; 

(d) bonding a support plate on said first 
surface, and polishing a second surface of the 
substirate until anotiier end portion of said conduct* 

35 ing post is exposed; and 

(e) coating a second insulating layer on a 
second surface of the substrate and selectively 
forming a contact hole in said second insulating 
layer and burying conductive material in said con- 

40 tact hole fonfntng a second interconnection termi- 
nal. 

10. A method of manufacturing a semiconduc- 
tor integrated circuit comprising a plurality of unit 
semiconductor Integrated circuits, according to 

46 Claim 9, wherein said metiiod further comprises, 
after step (d) and before (e), the substep of: 

(f) forming a constituent integrated circuit on 
a second surface of said substi-ate and wiring 
thereon connected selectively to an end portion of 

so said conducting post. 

11. A metiiod of manufacturing a semiconduc* 
tor integrated circuit comprising a plurality of unit 
semiconductor integrated circuits, according to 
claim 9 or 10. wherein a coating process of an 

55 insulating layer in step (c) and/or step (e) furtiier 
comprises tiie following substep of: 

(g) coating a thenmosetting resin, for exam- 
ple of Sllylated Polymetiiylsitsesquioxane (PMSS). 
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12. A method of manufacturing a semiconduc- 
tor integrated circuit comprising a plurality of unit 
semiconductor integrated circuits, according to 
claim 11, wherein the bonding process in step (d) 
utilizes thermoplastic resin material, having a melt* 5 
ing temperature of higher than a curing tempera- 
ture of said thenmosetting resin. 

13. A method of manufacturing a semiconduc* 
tor integrated circuit comprising a plurality of unit 
semiconductor integrated circuits, according to io 
claim 9, 10, 11 or 12. wherein the method further 
comprises, after step (a), the substep of: 

(h) fbmning dent sunrounding both said con* 
ducting posts and filling an insulating material 
therein, thereby a top of said conducting post is is 
exposed above said insulating material. 

14. A method of manufacturing a semiconduc- 
tor integrated circuit comprising the steps of 

(a) forming a constituent integrated circuit on 

a first surface of a substrate; 20 

(b) Ibnming a hole through a passivation lay- 
er and said substrate and growing an insulating film 
inside said holes of the substrate; 

(c) growing conductive material on the sub- 
strate, and filling said holes therewith, whereby a 25 
conducting post is formed; and 

(d) patterning said conductive material on 
said substrate, whereby wiring is formed. 

30 



3S 



40 



4S 



so 



05 



10 



0238 089 



202 203 20A 202 



-201 



-201 



202 203 / 202 
204 



FIG' 1 ^^^^^ ^^"^ * 



0 238 089 




FIG. 2(a) 



0 238 089 




FIG. 2(b) 



0 238 089 




FIG. 3 



0 238 089 



FIG. 4^''> 



FIG. 4ii>) 



FIG. 4(0) 



FIG. 4ii). 



FIG. 4(^) 





29 



27 



0238 089 



FIG. 4^^) 



FIG, 4^^) 



FIG. ■ 4w 



1/34- 



28 ib 106 ^2J; 



TWjjir 



6> 



2d 4b 32b 



,1:, m — i 



r 




3 4^ 3 




-35 



0238 089 



0238 089 



FIG. 5i.o-) 



FIG. 5(b; 



FIG. 5^0) 




0238 089 



16 



s 



13 



s \ 

S 




o 



F/G. 6(0) 




FIG. 6(b) 



n 



F/G 7(0 J V 



' Ml 
\ 



'0' 



WL 



vJHl 



'Ml 



S 



BL 



hVcc 





f 

« 







-Id 

BL 




4- 



-3 

I I 1 1 I Jm^ jg 



0 238 089 




127 130 

O 



124 



126 



.FIG..8(ci) 



132 

item . •iVU • %\mimmM 




FIG. 8(bl 



0238 089 




0238 089 




